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362 FDQ EHPDSSHG WR WKH VZDUP URERWLFV VHDUFK >@ ZKHUH LQ VZDUP URERWLFV LQVWHDG RI SDUWLFOHV URERWV ZLWK DFWXDO
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QHHG WR EH SDXVHG XQWLO FRPSOHWH LQIRUPDWLRQ RI WKH ZKROH VZDUP LV REWDLQHG $QRWKHU XSGDWH PHWKRG NQRZQ DV
DV\QFKURQRXVXSGDWHLVEHOLHYHGWREHDPRUHVXLWDEOHDSSURDFK$V\QFKURQRXVXSGDWHDOORZVWKHXSGDWHSURFHVVWREHGRQH
XVLQJLQFRPSOHWHLQIRUPDWLRQ7KHDV\QFKURQRXVYHUVLRQLVDEOHWRDYRLGWKHURERWVIURPEHLQJKDOWHGGXULQJWKHLUVHDUFK
SURFHVV
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FLUFOHWRSRORJ\WKHSDUWLFOHVDUHFRQQHFWHGWRWKHLU.LPPHGLDWHQHLJKERXUVZLWKWKHVPDOOHVW.LVWZR7KHZKHHOWRSRORJ\
KDVD IRFDOSRLQWZKHUHDOOSDUWLFOHVDUHFRQQHFWHG WR LW7KXV WKHQHLJKERXURIQRQIRFDOSRLQWSDUWLFOHV LV MXVW WKH IRFDO
SRLQWZKLOHIRFDOSRLQWSDUWLFOHKDVWKHHQWLUHVZDUPDVLWVQHLJKERXUV$VIRUUDQGRPQHLJKERXUKRRGWKHQHLJKERXUVRID
SDUWLFOHDUHUDQGRPO\VHOHFWHG
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UHVXOWDQGFRQYHUJHQFHVSHHG+RZHYHUV\QFKURQRXVXSGDWHLVDFRVWO\FKRLFH>@DVDSDUWLFOHQHHGWRZDLWIRUWKHZKROH
VZDUPWREHXSGDWHGEHIRUHLWFDQPRYHWRQHZSRVLWLRQDQGFRQWLQXHLWVVHDUFK+HQFHWKHILUVWSDUWLFOHHYDOXDWHGLVLGOHIRU
WKHORQJHVWWLPHZDLWLQJIRUWKHZKROHVZDUPWREHXSGDWHG
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LQIRUPDWLRQRILWVQHLJKERXUKRRG±VRPHRIWKHLQIRUPDWLRQLVIURPFXUUHQWLWHUDWLRQZKLOHRWKHUIURPWKHSUHYLRXVLWHUDWLRQ
WKLVFRQWULEXWHV WRGLYHUVLW\ LQ WKH VZDUPZKLFK LVDGHVLUDEOH WUDLW >@'XH WR WKHDV\QFKURQRXVXSGDWH HYHQ LQJ%HVW
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LQ$362VROYHV WKH LVVXHRI LGOHSDUWLFOHV IDFHG LQ6362>@,QVHYHUDOVWXGLHV >@$362LVFODLPWRSHUIRUP
EHWWHUWKDQ63620XVVLHWDO>@VWXGLHGWKHSHUIRUPDQFHRIERWK6362DQG$362LQJOREDODQGORFDOQHLJKERXUKRRG
WRSRORJ\,WLVVKRZQLQWKHLUZRUNWKDWLQJ%HVWWRSRORJ\$362RXWSHUIRUP6362ZKLOHLQO%HVWWKHSHUIRUPDQFHRIERWK
YHUVLRQRI362DOJRULWKPVFORVHO\PDWFKHDFKRWKHU7KLVLVEHFDXVHGLYHUVLW\LVSUHVHUYHGLQO%HVW;XHHWDOUHSRUWHGLQ
WKHLUZRUNWKDWDV\QFKURQRXVXSGDWHFRQWULEXWHVWRDOHVVHUH[HFXWLRQWLPH>@7KHGLIIHUHQFHVEHWZHHQ$362DQG6362
DUHKLJKOLJKWHGLQ7DEOH$V\QFKURQRXVXSGDWHHQDEOHWKHSDUWLFOHVXSGDWHVHTXHQFHWRFKDQJHG\QDPLFDOO\RUDSDUWLFOHWR
EHXSGDWHGPRUHWKDWRQFH>@
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`:KLOHPD[LPXPLWHUDWLRQRULGHDOILWQHVVLVQRWDWWDLQHG
)LJ$V\QFKURQRXV362$362$OJRULWKP
7DEOH6362YV$362
 6362 $362
8SGDWH 6\QFKURQRXV ± DW WKH EHJLQQLQJ RI HDFK LWHUDWLRQ
XSGDWHDOOSDUWLFOH
$V\QFKURQRXV ± XSGDWH D SDUWLFOH DV VRRQ DV LWV
ILWQHVVLVHYDOXDWHG
,QIRUPDWLRQ &RPSOHWH LQIRUPDWLRQ ± DOO SDUWLFOHV XVH
LQIRUPDWLRQIURPWKHVDPHLWHUDWLRQ
3DUWLDO ± SDUWLFOHV XVH FRPELQDWLRQ RI LQIRUPDWLRQ
IURPFXUUHQWDQGSUHYLRXVLWHUDWLRQ
J%HVWYDOXH XQLIRUP ± DOO SDUWLFOHV DUH XSGDWHG EDVHG RQ WKH
EHVWRISUHYLRXVLWHUDWLRQ
YDU\LQJ±SDUWLFOHVXVHLQIRUPDWLRQDYDLODEOHDWWKH
PRPHQWEHWWHUGLYHUVLW\

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 5HVXOWV
,QWKLVVHFWLRQWKHSHUIRUPDQFHRI$362LVFRPSDUHZLWK6362XVLQJWKUHHWHVW IXQFWLRQV7KHWHVW IXQFWLRQVXVHGDUH
OLVWHG LQ 7DEOH 'H -RQJ¶V DQG5RVHQEURFN¶V DUH XQLPRGDO IXQFWLRQV ZKHUHDV 5DVWLJULQ LV DPXOWLPRGDO IXQFWLRQ 7KH
IXQFWLRQVGLPHQVLRQXVHGLVQ 7KHDOJRULWKPVDUHLPSOHPHQWHGXVLQJ0$7/$%7KHQXPEHURISDUWLFOHVLQERWK
6362DQG$362LVVHWWRZKLOHQXPEHURILWHUDWLRQLV
7KHUHVXOWVRI WKH WHVWDUHVKRZQLQ)LJ7KHUHVXOWVVKRZWKDW WKHSHUIRUPDQFHRIERWKYHUVLRQRISDUWLFOHVXSGDWH
6362DQG$362FORVHO\PDWFKHDFKRWKHU7KLVSURYHVWKDWDV\QFKURQRXVXSGDWHLVDQRSWLRQRISDUWLFOHVXSGDWHSURFHVV
ZLWKRXWFRPSURPLVLQJWKHSHUIRUPDQFHRI362+RZHYHUWKHFRQYHUJHQFHUDWHRI$362LVVORZHUWKDQ63627KLVLVGXH
WRWKHKLJKHUGLYHUVLW\LQ$362ZKLFKDOORZWKHSDUWLFOHVWRFDUHIXOO\H[SORUHWKHVHDUFKVSDFHEHIRUHFRQYHUJHQFH7KLV
IHDWXUH LVQRWDGLVDGYDQWDJH UDWKHU LW LVDGHVLUDEOH WUDLWDVSUHPDWXUHFRQYHUJHQFH LVRQHRI WKHSUREOHPVIDFHGE\362
>@
 $V\QFKURQRXV362DQG6ZDUP5RERWLFV6HDUFK3UREOHP
$VZDUPURERWLFVVHDUFKSUREOHP¶VREMHFWLYHLVWRJXLGHWKHVZDUPRIURERWVWRORRNIRUDWDUJHWRUPXOWLSOHWDUJHWVLQD
VHDUFKDUHD$FFRUGLQJWR+HUHIRUGDQG6LHEROG>@VZDUPURERWLFVVHDUFKSUREOHPUHTXLUHVDVHDUFKDOJRULWKPZLWKWKH
IROORZLQJFKDUDFWHULVWLFV
• 'LVWULEXWHG ± HDFK URERWV KDV LWV RZQ SURFHVVRU WR H[HFXWH WKH DOJRULWKP RQ LWV RZQ WKXV D GLVWULEXWHG
DOJRULWKPHQVXUHVDVLQJOHURERWIDLOXUHZRQ¶WLQWHUUXSWWKHZKROHVZDUP
• &RPSXWDWLRQDOO\ VLPSOH ± WKH URERWV DUH HTXLSSHGZLWK VLPSOH SURFHVVRU ZLWK OLPLWHGPHPRU\ DQG EDWWHU\
FDSDFLW\WKHUHIRUHWKHDOJRULWKPVKRXOGQ¶WEHWRRFRPSOH[
• 6FDODEOH±WKHVZDUPVL]HYDULHVIURPDVPDOOQXPEHURIURERWVWRDODUJHVZDUPWKHDOJRULWKPVKRXOGEHDEOH
WRKDQGOHHYHU\FDVHV
• &RQWLJXRXVPRYHPHQW±WKHURERWVKDYHWRPRYHFRQWLQXRXVO\XQWLOWKHWDUJHWLVUHDFKHG
%DVHGRQWKHVHFKDUDFWHULVWLFV362LVDVXLWDEOHDOJRULWKPIRUWKHVHDUFKSUREOHP,Q>@WKHDXWKRUVKDGPDSSHGWKHNH\
HOHPHQWV RI VZDUP URERWLFV VHDUFK WR 362 7DEOH  $FFRUGLQJ WR WKLV WKH URERWV DFW DV SDUWLFOHV DQG WKHLU ILWQHVV LV
HYDOXDWHG EDVHG RQ WKH VWUHQJWK RI WKH VLJQDO IURP WKH WDUJHW WR WKH URERWV ,Q RULJLQDO 362 QHLJKERXUKRRG LV XVXDOO\
SUHGHILQHGEXWLQVZDUPURERWLFVWKHQHLJKERXUKRRGLVEDVHGRQWKHUHODWLYHGLVWDQFHRIWKHURERWVWRHDFKRWKHU
7DEOH0DSSLQJVZDUPURERWLFVVHDUFKWR362
6ZDUP5RERWLFV6HDUFK  362
5RERWV  3DUWLFOHV
6LJQDOGHWHFWLRQ  )LWQHVVHYDOXDWLRQ
5HODWLYHORFDOL]DWLRQ  $EVROXWHORFDOL]DWLRQ
3DWKSODQQLQJ  3DUWLFOHXSGDWH
&RQWLQXRXVFRQWURO  ,WHUDWLRQ
/RFDOFRPPXQLFDWLRQ±EDVHGRQSK\VLFDO
GLVWDQFH
 *OREDOFRPPXQLFDWLRQ±EDVHGRQIL[HG
QHLJKERUKRRG

,QWKLVVWXG\LW LVEHOLHYHGWKDW WKH362ZLWKDV\QFKURQRXVXSGDWHLVDEHWWHUFKRLFHIRUVZDUPURERWLFVLQFRQWUDVW WR
V\QFKURQRXVXSGDWH$V\QFKURQRXVDOORZVHIILFLHQW XVDJHRI URERWVSURFHVVRU VR WKDW WKH\ZRQ¶WEH LGOH IRUD ORQJ WLPH
WKHUHIRUH WKH URERWV FDQPRYH FRQWLQXRXVO\ XQWLO WDUJHW LV IRXQG ,W LV DOVR D JRRG FDQGLGDWH IRU SDUDOOHO LPSOHPHQWDWLRQ
$V\QFKURQRXVSDUDOOHO362 $3362 >@ LV FKRVHQ IRU VZDUP URERWLFV VHDUFK LQ >	@$3362DOORZV WKH URERWV WR
HIILFLHQWO\ XWLOL]H WKHLU LQGLYLGXDO SURFHVVLQJ SRZHU E\ VHDUFKLQJ IRU WDUJHW DV\QFKURQRXVO\ DQG VLPXOWDQHRXVO\ $3362
DOORZV WKH SDUWLFOHV LH URERWV WR HYDOXDWH WKHLU RZQ ILWQHVV LQGLYLGXDOO\ ZLWKRXW WKH QHHG WR ZDLW IRU RWKHUV 
SDUDOOHOL]DWLRQ 7KH YHORFLW\ DQG SRVLWLRQ XSGDWH LQ $3362 LV D FHQWUDOL]HG SURFHVV WKH URERWV UHSRUW WKHLU ILWQHVV WR D
PDVWHU ZKLFK SHUIRUPV WKH XSGDWH SURFHVV DV\QFKURQRXVO\ $ FHQWUDOL]HG XSGDWH GRHV QRW XVH WKH URERWV SURFHVVLQJ
FDSDELOLW\WRWKHIXOOHVWKHQFHDGHFHQWUDOL]HGDV\QFKURQRXV362LVSURSRVHGLQ>@7KLVDOJRULWKPDOORZVHDFKSDUWLFOHWR
XSGDWHWKHLURZQYHORFLW\DQGSRVLWLRQPDNLQJLWPRUHUREXVWDQGVFDODEOHDOJRULWKPHYHQLQWKHHYHQWRIIDLOXUHDPRQJWKH
VZDUPPHPEHUV7KLVDOJRULWKPDOVRHQDEOHV WKH VZDUP WRKDYHG\QDPLFQHLJKERXUKRRGDQGYDULHW\RI VHDUFK WHQGHQF\
DPRQJWKHSDUWLFOHV
$ SK\VLFDOO\ HPEHGGHG 362 SH362 LV SURSRVHG LQ >@ ,Q SH362 HDFK URERWV DFWV DV D SDUWLFOH ZKHUH WKH URERW
PRYHPHQWLVFDOFXODWHGEDVHGRQ362YHORFLW\DQGSRVLWLRQHTXDWLRQV,WLVIRXQGWKDWODUJHUQXPEHURIURERWVLQFUHDVHVWKH
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QXPEHU RI VXFFHVVIXO VHDUFK ZLWK OHVVHU VHDUFK WLPH ,Q >@ D GLVWULEXWHG 362 G362 LV LQWURGXFHG 7KH DOJRULWKP
LQWURGXFHGXVHVDV\QFKURQRXVXSGDWHDFFRUGLQJWRWKHDXWKRUWKLVDSSURDFKSUHYHQWVWKHURERWVWRVWDOOGXULQJWKHVHDUFKIRU
WDUJHW
$ZRUNFRQGXFWHGE\'RFWRUHWDO>@IRFXVHVRQILQGLQJRSWLPDO362¶VSDUDPHWHUVLQFROOHFWLYHVHDUFK$XJPHQWHG
/DJUDQJLDQ362ZLWKYHORFLW\ OLPLWV 9/$/362 LV GLVFXVVHG LQ >@ WKH DOJRULWKP LV D GHFHQWUDOL]HG DQG LW WDNHV WKH
SK\VLFDOFRQGLWLRQVRIWKHVHDUFKVSDFHLQWRFRQVLGHUDWLRQ
 &RQFOXVLRQ
7DUJHWVHDUFKLVDQLPSRUWDQWUHVHDUFKSUREOHPLQVZDUPURERWLFV$JRRGVHDUFKDOJRULWKPWKDWLVGLVWULEXWLYHVFDODEOH
VLPSOHDQGDOORZURERWV¶FRQWLQXRXVPRYHPHQWLVGHVLUHG362LVVXLWDEOHIRUWKLVWDVNGXHWRLWVORZFRPSXWDWLRQDOFRVWDQG
VFDODELOLW\,WLVDOVRHDV\WRLPSOHPHQW362LQDGLVWULEXWHGPDQQHU+RZHYHUWKHV\QFKURQRXVQDWXUHRIWKHRULJLQDO362
GRHV QRW HQVXUH FRQWLQXRXV DQG XQKDOWHG URERWV PRYHPHQW 7KHUHIRUH WKLV SDSHU ORRNV LQWR WKH XVDJH RI DV\QFKURQRXV
XSGDWHLQVZDUPURERWLFVVHDUFK)URPWKHVWXG\FRQGXFWHGLWFDQEHVHHQWKDWDV\QFKURQRXVXSGDWHLVPRUHVXLWDEOHFKRLFH
WR HQVXUHXQKDOWHGPRYHPHQW ,Q DGGLWLRQ WR WKDW DV\QFKURQRXVXSGDWH LV DOVR VXLWDEOH IRU SDUDOOHO362 LPSOHPHQWDWLRQ
3DUDOOHOL]DWLRQFRQWULEXWHVWRDPRUHHIILFLHQWXVDJHRIWKHURERWVSURFHVVLQJFDSDELOLWLHV
$FNQRZOHGJHPHQWV
7KLVSURMHFWLVIXQGHGE\WKH0DOD\VLDQ0LQLVWU\RI+LJKHU(GXFDWLRQXQGHULWVIXQGDPHQWDOUHVHDUFKJUDQWVFKHPH
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